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ABSTRACT 


Тһе suthors present a series of cantours for ectimating 
residual resistance coefficients of ships whose displacement” 
length ratios are above these considered in Teylor'’s Stendard 
Series, These contours cover « renge of dizplacenent-langth 
ratios fron 280 to 560, volume-length retios from & to 16, md 
longitadinal primetic coefficients from .56 to .70. In addition, 
a curve is provided for estimating wetted surface eoefficients of 
these ships. 


The data for this study were taken from 44 ship model teete 
that heve bean condueted at the David W. Taylor Model Basin over 
€ period of yeerr. These models in no wey form в systematic series. 
Their hull forms are related only to the extent provided by over- 
ali coefficleats such as the displacement—lengih ratio, priamatie 
coefficient end bem—iraft ratio, 


The гері Фил] resistence coefficients for eseh model wore 
talevlated from the original test deta using the Schoenherr 
friction formulation. These cocfíiclente were used to determine 
average contours of volume-leagth coefficient on coordinates of 
priguatic coefficient and regidual resistence ceeffinient at 
various Froude number veluer. 


It should be emphesived that the resulting contours represent 
en average of the data from the 44 ship models studied. Но partie 
cular model conforms exectly to the ecautours. To furiker stress 
this point, the salaulated model date are olettied with the cmtsurs. 


Phe contours ав determined in this study indicate tn optima 
with regerd to residusi resigtenes coefficient at 8 prigmetic eo- 
efficient of about „MB. At thie value of primatio coefficient, 
the variation of residual resigtence with primetio coefficient 
is very slight. The contours slse indisste that the veriation of 
residual уесівбапоє coefficient with voluse-length ratio ei the 
optimum prisatie velue is censiderably lese than ct higher values 
of prismatic coefficient. 
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It iz believed that the resulte of the study will bo of 
value to designers in selecting null form coefficients end for 
ustimsting the resistense of new designs. However, the date 
wust be used with diseretion, bearing in mind that it а mi 
average of individual ships whose varintions of resistence with 
details of desig have not been completely evalunted. 


The fact thet definite trends in the resistence cheraster- 
istics of the ships studied ere evident indicates that it would 
be highly desirable to conduct e standard series type investige- 
tion in the region of high displzcemmt-langth ratios. 


Thesis Supervisors Prof, M., A. Abkowlts 
Assistant Professor of Kaval Arahitecture 
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Volims-Length Ratio 
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Reridual Resletence Coeffieient 
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Longitudinal Primetic Coefficient 
б. а Tr 
Р 
Besm-Drart, Batis 
B 
ТЕ 
Block Coefficient 
б, ж У - 
бо 
Froude Kumber 
Үр 
Wetted Surface Coefficient 


б Уә 


Disolacement in tens of salt 
water at 59° Y divided by the 
cube of one percent of the 
length in feet 


Volume of digplesement divided 
by the cube of ten percent of 
the length (nondimensional) 


Tesi dual resisteuce divided by 

the product of one half, the mass 
density of water, ‘vetted surfaces 

end velocity squared (noudimensienal } 


Yolma of displacement divided by 
the product of the midship section 
ersa end the length (nonóimensional) 


The ratio of bem to draft 
(пепд цепаї пал) 


Volume of dleplacement divided by 
the product of length, beam, and 
draft (nandimanatamak) 


Velocity dividad Бу the square roet 
of the product of length and the 
scoelüeration cf gravity (nondimensionsi) 


Wetted зогзас 81410684 by the square 
roct of the orodaet of volume of 
dizplaeement end length 
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Li. IBIBRODUOIION 


There ig a great lack af published date on the resistence 
characteristics of ships with high displacenent-lengthk ratios. 
This study ia presented in an effort to provide коше guides in 
a relatively unmarked arsa or mil design. 

At present designers of ships with high displacenent-length 
ratios rely primarily on thoir individual experience for the 
selection of suitable form parameters for new designs, Estimates 
of the resistanoe charasterietice cf new designs must be made simost 
entirely by comperisons with the relatively few ships of this type 
thet fell within the designer's experience, or fram individuel model 
tests. The evaluetion of the merites of any design are difficult 
because of the lack of my standard of comparison, such ae Taylor's 
Stendard Series provides at lover displecenent-length ratios (below 250). 

The first step in filling this void of information on high dis- 
plsacement-1ength ratio ships was taken by the Japenese after World 
War ll. Im the interests of the Japenese fishing Industry, а standard 
series of model tests were conducted. The parent fom for this series 
was a fishing versel of the Tuma and Bonita Clipper type. The resulte 
of these experiments were published in 1950 and have come to be mown 
ag the "Takagi Series® in this country. The prototype for thia series, 
however, is a very speciel type of vessel and can hardly be considered 
as representing high displacement-length retio ships in general. The 


application of these results is, therefore, somewhet limited, 
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Even though there has been s lack of systematic data on 
the ships with high displacement-length ratios, there has bean 
ап acemmulation of what might be called "scattered data" on this 
type off ship over the years. This deta is the result of individual 
modei experiments conducted st the David Teylor Model Barin and 2% 
the United States Experimental Model Basin over the pest thirty years. 
It is the purpose of this study te susemble end systenatise, ва 
far us possible, the sccumulstion of "scattered date* on ships with 
high displecement-length гебіов. 
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The models to be used in this study vero selected primarily 
са the basic that their displacenmant~-~length ratics were above 250, 
In order to eliminate eny ships of peculiar form sad to have the 
fullaess ав indicated by the high displaeenent-lengta ratio, repre- 
sent o general fullness rather then just a fullness of bema, the 
selection was further restricted te models whose bean-dreft ratie 
values were betweon two end three, The exeninstilon of the lines of 
the selected ships confirmed the logic of this choice in that they 
меге all of generally chip-shape form, This selection yielded 44 
models. 

The original test data for each of the 44 models were assembled 
sud these duta were used to caleulate values of residual resistence 
coefficient at verious Froude numbers. The Schoenherr friction 
formulation wes used throughout this work. The length of model used 
te compute Reynolds and Froude mumberz was teken ín each case as the 
ectued water line length at the displacement of the test, This work 
provided sufficient informution for plotting residuel resistance 
versus Froude number curves for esch model, 

The regiduel resistence coefficient wes selected as the basic 
resistence parameter. This choice war based on several factorss 

1, It is a generally accepted parsuster in this country, 

2. Shipe of the high displecenent~length type are relatively 
short in comparison to their speeds ғай ara, therefore, 
operating in ranges of Froude number where wave making 
resistance is of primery importance. 
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3. Tho realducl resistance coefficient offere a satinfastory 
Eprood of values to differentiste resistenoe chnrecterirtios 
among these nodels. 

4. It has а nondimensienal form. 


Froude number wes seleeted ag the speed parameter becuse of 
its nondimensional form, The vsrametera that were selected to define 
the hull form were the volume~length ratio ond tke longitudinal pris- 
matio ceefficlent. These parsmeters were selected primarily because 
they gave the most favorable orientation of ths vesiatence data with 
respect to bull form. Several other hull form parameters were com 
sidered, including length-beam ratio, beam-draft ratio, vertical 
primetie ecefficient, waterplane coefficient, end midshipsection 
coefficient, None of there, however, provided a good orientation 
mong the models. It iz not premmed that the selected parameters 
ere the bert. Further etudy might vroduss perameters thet would 
provide a better orientation ef models, However, it is felt that 
the improvement on parenetors representing hull form would involve 
such items ag the position of the center of busyency, angle of 
entrance of the load waterline, or entrance prismatic eoeffielent. 
These values could not be ineluded in this stanly because they wera 
not availeble for most of the models. 

Using the selected paraacters, contours of constent Oisplacement- 
length ratie wore faired on soordinstes of prismetic coefficient and 
residual resistence coefficient st various Froude numbers, In fairing 
these contours the controlling factor was that they repregent в good 


average of the svallable data. The averuging to arrive et these 
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contours vas accompiighed by eye. Trege conteurs vore then 
crose~failred against constent prismatic coefficient, and constant 
residual resistence coefficient. 

Та addition « wetted surface coefficient was colovlsted for 
ezch model based on the square root of tho volume-lougth product, 
This coof icient ves plotted agsinet micship section coefficient. 
An average curve was draw through these points. This curve can 
be used to estimate the wetted surface coefficients of similer 


vessels. 
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Contours of volume-length ratio on coordinstes of longitudinal 
р ева coefficient versus residual resistence coefficient 
st various Froude maabers. 


Curve of average wetted surface coeffielent versus midship 
section coefficient. 
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It must be emphesized that the contours resulting from thie 
study represent ап average of the date from the 44 ship models, 
Ко particular model will have the exact resistance cheracteristiss 
predicted by the contours... While indiviíduel ship resietance 
curves tend to have humps end hollows in them, the averaging ure 
cess used ln determining the contours tended to eliminate these 
fluctuations, although they produced what 42 believed to be the 
initial portion of a hump et Froude nwabers neer . 20. 

In order to emphasize the scattering of date, end te allow 
for а reexemination of the contours, the setual deta has been 
plotted with the contours. 

The etudy thet was involved in the selection of the hull 
form paremeters to best represent the effect of form variation 
on the residus] resistence coefficient, indiested that none of 
the overell form coefficlonte wes entirely setiafectory. Various 
eonbinetions of these parameters were tried without finding any 
better sorrelatíon. This fact fostered the belief that the 
details of design, such as the arrenpement of хер, rudders, end 
£tem had considerable influences on the resistence, In addition, 
it is felt thet better correlation might have been attained if it 
had been poesihle to include euch items ea the longi tudinal poci- 
tion of the center of buoyancy, the angle of ster line entrance, 
and the entrance prigmetic coefficient in the parameters defining 
the mil form. 
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The withers compared the determined contours with a similar 
contour derived from Teylor's Stenderd Series at a volume-Length 
ratio of 7,2, In general, there vas good agreement both in shape 
sd megnitude, At high Froude numbers, hovever, in ihe vicinity 
of .30, the Taylor contour tended фо rise more sharply to higher 
values. Tis indicates that the Taylor contoure provide в more 
pronounced hump in the resistance cuve at Froude numbers Ín tne 
vicinity of .30. The higher reniduel resistence coefficient 
values, as indicated by the Taylor contours, was not borne out by 
the model evidence, 

А similar comperison wes made between the derived contours 
and contours teken from the "Takagi" series, In thie case, the 
derived contours shoved а much wider variation of the residual 
resistence coefficient with volume-length ratio at all Froude 
numbers and prismatic coefficients., The best agreement occurred 
at the low Froude numbers, At the lowest prismatic coefflelents 
(.58), the Takagi valuee were slightly higher then the determined 
contours for all volumelength ratic velues. 4% the higher pris- 
matic coefficients the Takagi values for high voluss- Length ratios 
were considerably lower, sad for low voluse-lenzth ratiog were 
slightly higher the the determined contours throughout the range 
of Froude munber values, 

The erossover rroa where the derived contours and the Teka 


contours ere in good agreement were as follows: 
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It ig felt that the determined contours better represent the 
average of the models studied than does the Takagi series data. 
This ia no doubt due to the specifle type of chip that formed 
the pretetype of the Takagi series, 
the originsliy calculeted residual resistence coefficient curves 
for each model end e eimiler curve texen from the derived cantours. 
These curves will be found in the Appendix of this thesia. The 


m was made, ‘This comparlean is between 





regulis of this comparison wore as follows: 

Twenty-four of the predictions agreed quite well with the 
original curves, Of theses 24, 14 could ће claesed as completely 
reliatle predictions. Five were predicted too high and five were 
predicted too low. Of the remaining models, nine were predicted 
consideratly higher end two considerably lower then the original 
data indicated. Hine other models had 213 Гома paremetera thet 
did not fell within the venge for which the contours were drawn, 
although they were used to ald in deternining the contours. 

It has been proposed in many quarters that a stendard series 
be run ín this country to obtain data on the resiatence charecter- 
istics of shins in the higher renges of displacement-lengih ratio. 
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This study indicetes thet the choice of a prototype for such a 
series might be difficult. The type of ship to be represented 
neess to have considerable bearing on the problem, For exemple, 
thie study indicetes a tendency Гог tugboxt types te show pome- 
what lower resistence in general then the eversge contours, 
whereas other types such as merchent ship forms are generally 
more consistent with the derived contours. These tendencice are 
no doubt due to details of design not represented by the selected 
forma parometers. To get one protetype which would yield dete соё- 
elgtent with sll types seene rather ualixely. 

The optima value of priamutic coefficient with resosct to 
ninimizing the residual resistance eoefficient ig indicated at 
about o primetie coefficient of „58, In this vicinity sti all 
Froude wusbers, the variation of residuel resistence vith pris- 
metic coefficient is rether mall, In addition, tbe contours 
in the vicinity of the optimum primatic soeffielent indicate 
а lest pronounced variation of the residual resistence coefficient 
vith changes in volume~length ratio then at higher prismstie o 

fficlenta. This location for the optimus: prismatic coefficient 
agrees well with whet might be sredicted from Taylor'e Standard 
aries. 
It is believed thet this study боп be of value and assistence 


E 


Фо Ravel Architects in selecting hull fom: parameters and in pre- 
dicting the resistanee cherzcteristics of new designe in the high 
displecement—-length ratio range. In addition, it cen form a basis 
of eouperison and reference. It is hoped that the presentation is 
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such that additions] information end data сап be added au new 
desime are tested, thus providing evidence for either verifying 
or modifying the presented contours, 
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Average resistence chaerecteristice of ships with dlenlacement- 
length ratios above 250 end whese beam-dreft ratios lie between 
2 and 3 can be predicted by the contours presented. 

The optimm value of longitudinal priamatie coefficient based 
on minimum residuel resistence coefficient is about „58. 

At the optimum value of longltudinel primactio coefficient, the 
variation of residual resistence coefficient with displacement. 
length retie is mall. 

The variation of residual resistance coefficient with displace- 
ment-Length ratio inereases vith incresse of longitudinal prige 
natie coefficient above the optima. 

The parameters used to define the model hull forms ere not the 
only ones influencing the residual resistence characteristics 
ef the ships, Therefore, ony particuler model mey have reris- 
tance characteristics greatly different from those predicted 
by these curves solely from the fact thet еп Important form 
parameter ia not included in the identifiestion of the vessel. 
It is felt that the mgle of entrenos of the load waterline; 
end the longitudinei position of the center of bucyency are 

the meat significent parameters that were not evailable for 


thie study. 
It is possible to systenatise "scattered data” on the resistance 


- 


cherasteristies of ships. Ihe results, while not ss conclusive 
as could be derived frm a standerd series of medel tests, åo 
provides genoralized trends which ave of value, 
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1. ft ia recommended that a standard series type investigation 
be carried out for ships of high displseement-length ratios using 
the date thet has been presented here to ald in the selection of 


& prototype vessel or parent form. 


г. It is recomended that the data es presented here be used 

as a eterting point for further correlation end for comperison 

with new designs as they are tested, To a large extent, the value 
of this study lies in its use for further compurisone, correlations, 
and additions to the systemstized collection of data with а view 
towesrd improving the contours procented, 


3. The contours as presented should be used with discretion in 
predicting the residual resistance characterigtica of new 46638868, 
bearing in mind the deviation of individual models [rom the average 


contours » 
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The index of the models whose resistance deta wae used in 
tuia study is included, believing that it will be of valus in 
say further enalysis of the presented contours, It contains 
most of the huii form parumeters that might be of use together 
with e brief description of the type of versel end the Teylor 
Medel. Basin nodel number arcociated with the model. 


Appendix (D) is & semple caleulation sheet for onloulating 
the recidual resistence coefficients, Froude numbers, (С) and 
values. This form was taken from the publicetíon Listed in the 
Bhliograshy ae item [6] end Taylor Modelo Pisin cezleulation form 
Number 71. 


Appendix (Е) oonteins the original model test data from 
which the residual resistence csefficient, Froude numbers, 
end (K) veinues were onloulated, together with the residual re- 
sistence coefficient curve, both art celeulated fron the original 
nodel test date end as determined from the contours for each model, 
Curves of versus ers also included for sach model, believing 
thet they may be of velue in judging the merits of particular ships. 


іррелбіх (Р) ів the Bibliography of the thesis. 
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Appendix (B). 
шаров 
L Length =- feet 
B Вега - feet 
Е Draft -- feet 
а Displeoement-pounds or tons 
V Volume of displacement -cubic feet, 
5 Wetted Surface - square feet 
? Mase density of water - pound see*/feet* 
зу Kinematic Viscosity  - fi*/sea 
У Velocity -— feet per second 
w geloejty —< mots 
Re Reynolds nmber V/V (nondimenslonal) 
АГ Froude number (nondimensional) 


e Total Resistance — pounds 
Ep Frictional Resistance ~~ pounds 


Residual Resistance — pounds 


б» Total Resistance Gosfficiont 5725. GV? fnondimensional} 
с. Frictional Resistence Coefficient LA sy?  (nondimenzionsil) 
C, Besidual Resistenoe Goefficient МЛ 578  (nondtmensional) 


23 з \ 3 
400 foot ship = — ° им asp. x 
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Й 
Q 4 foot ship = ЗЗД 


ЖАР, Total Effective Horsepower mm horsapower 
(л)? Volume length retis (nondimensional) 
А/ (1/100)? Dieplecement-leigth retin Tons (saltwater 59UP)/fi* 


0, Longitudinal prigatie coefficient O/Midshis section aren =i 
я (nondimensienel } 


.Midebip Beetion ires. 


5 Mosk Coefficient W/LEN 
% 
! PE (nondimenaione} 


Midehin Section Coeffieient 


бұ Vertical Prismatic Со? ав — V/Weterplane Aven X E 


Gi Waterplane Ooofficitnt Mieres iron 
ыхВ 
бар Wetted Surface Coefficient SE 


° Prime refers to 400 foot ship 
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Appendix (E) 


Curves of Hesidual Resistance Coefficient vs. 

Froude Numbers, both Calculated end ae Predicted 

from the Contours. Curves of (C) vs. (f). 
Original Model Test Data 
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A study of the 
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istics of ships with 
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